Abstract. Calcium carbonate (CaCO 3 ) has been known as one of the components of carbonate apatite (CO 3 Ap) cement. Calcite is one of the polymorph of CaCO 3 with big particle size and excellent stability. In contrast, vaterite has small particle size and a metastable phase. To discover the effect of particle size on the properties of CO 3 Ap cement, this study investigated the different particle size of vaterite; calcite from vaterite, which has almost similar particle size and shape with vaterite; grounded calcite and ungrounded calcite. The powder phase of calcite or vaterite combined with dicalcium phosphate anhydrous (DCPA) was mixed with 0.8 mol/L of Na 2 HPO 4 solution in 0.45 liquid to powder ratio. The paste was packed into a split stainless steel mold, covered with glass slide and kept at 37°C and 100% relative humidity for a period of time. XRD and FT-IR analysis revealed that CO 3 Ap cement consisted of vaterite and DCPA transformed to pure B-type CO 3 Ap in 72 hours while CO 3 Ap cement that consisted of calcite with different particle size was not completely transformed to CO 3 Ap even until 240 hours. We concluded that CO 3 Ap cement consisted of vaterite with small particle size and metastable phase properties is more effective as starting material due to its fast transformation to CO 3 Ap.
Introduction
Calcium carbonate (CaCO 3 ) has been extensively used as one of the components of starting material of carbonate apatite (CO 3 Ap) cement. Calcite is a polymorph of CaCO 3 that is more thermodynamically stable than vaterite. Since setting reaction of CO 3 Ap cement is based on dissolution-precipitation reaction [1] and vaterite has smaller particle size compared to calcite, particle size become one of important factors for transformation to CO 3 Ap. Cahyanto et al. [2] reported that vaterite and dicalcium phosphate anhydrous (DCPA) mixed with sodium phosphate solutions could be set and transform to full CO 3 Ap. The essential element for developing CO 3 Ap cement is to use starting materials which has a metastable phase, for a thermodynamically stable apatite under body environment [3] . However, the effect of the CO 3 Ap cement starting materials, especially vaterite; calcite from vaterite (v), which has almost similar particle size and shape with vaterite; grounded calcite (g) and ungrounded calcite (ug) has not been clear. Therefore, the present study investigated the effect of particle size on CO 3 Ap cement properties consisting of calcite (or vaterite) and DCPA.
Materials and Methods
Preparation of CO 3 Ap cement powder. Vaterite and DCPA (J.T. Baker Chemical Co., NJ, USA) were used as CO 3 Ap cement powder. The vaterite powder was derived on the basis of previous report [4] . In brief, 50 g of Ca(OH) 2 was mixed into 500 mL of methanol and 25 mL of distilled water. The suspension was blown with CO 2 gas at a rate of 1 L/min for 120 minutes where the temperature was 20°C. The obtained particles were collected by filtration and dried at 110°C.
DCPA powders was treated in a planetary ball mill to achieve a fine powder. 10 g of DCPA was mixed with 10 mL of 95% ethanol in a zirconia container with zirconia balls 30 g, 1 mm diameter each then milled (Fritsch 8 6560, Idar-Oberstein, Germany) for 1 hour. Finally, vaterite and DCPA were mixed homogeneously on weight powder ratio 40:60 to obtain CO 3 Ap cement powder. For comparison, calcite cement consisting calcite and DCPA was used to prepare the cement. Calcite (Wako Pure Chemical Industries Ltd., Osaka, Japan) was divided into calcite(g) that was grounded using planetary ball mill 400 rpm for 1 hour and calcite(ug). Calcite(v) was also prepared by heating the vaterite at 430°C for 3 hours [5] . The particle size distribution of each powder samples was measured using a centrifugal particle size analyzer (SA-CP3, Shimadzu, Kyoto, Japan).
Setting time measurement. The setting time of the CO 3 Ap cement with 0.45 liquid to powder (L/P) ratio was evaluated according to the method standardized by ISO 1566 for dental zinc phosphate cements. 0.8 mol/L of disodium phosphate (Na 2 HPO 4 ) solution was used as the cement liquid. In this method, the cement is considered to set when a 400 g of weight loaded onto a Vicat needle with a tip diameter of 1 mm fails to make perceptible circular indentation at the surface of the cement. The standard requires the cement to be maintained at 37°C and 100% relative humidity.
Characterization of samples. The samples were ground to fine powder and characterized by XRD analysis. XRD analysis was done by X-ray diffractometer (D8 Advance, Bruker AXS GmbH., Karlsruhe, Germany) with a CuKα radiation operated at 40 kV of tube voltage and 40 mA of tube current. The sample was examined by FT-IR analysis and the FT-IR spectra were measured using a FT-IR spectrometer (FT/IR-6200, JASCO, Tokyo, Japan).
Mechanical strength measurement. The mechanical strength were examined in terms of diametral tensile strength (DTS). Powder phase and liquid phase were mixed with a spatula at a L/P ratio 0.45 until it became a paste. The paste was packed into stainless steel mold (6 mm in diameter × 3 mm in height) and placed inside a plastic container containing distilled water to maintain 100% relative humidity. Finally, the plastic container was placed into an incubator and kept at 37°C for a period of time. After the cement was set, the diameter and height of each sample was measured with a micrometer (MDC-25MU, Mitutoyo Co. Ltd., Kanagawa, Japan). The samples were crushed using a universal testing machine (AGS-J; Shimadzu Corporation, Kyoto, Japan) at 1 mm/min crosshead speed. DTS values were taken from an average of at least five samples.
Morphological observation. Morphological evaluation on the top surface and the fractured surface of the sample was evaluated by Scanning Electron Microscope (SEM) (S-3400N, Hitachi HighTechnologies, Tokyo, Japan) at 15 kV of accelerating voltage after gold-palladium coating using magnetron sputtering device (MSP-1S, Vacuum Device Co., Ibaraki, Japan). Figure 1 summarizes the particle size distribution of CO 3 Ap cement powder starting materials. Particle size of calcite(v) were slightly smaller from the original vaterite due to shrinkage from the heating process to transform vaterite to calcite(v). 3 Ap cement consisted of calcite (or vaterite) and DCPA mixed with 0.8 mol/L of Na 2 HPO 4 solution. Vaterite+DCPA cement system has the fastest setting time. This may be due to the high solubility of vaterite compared to calcite. Since setting reaction of CO 3 Ap cement is based on dissolution and precipitation reaction, calcite or vaterite as starting materials will dissolve and supply Ca 2+ and CO 3 2-ions into the aqueous solution. The aqueous solution will then be equilibrium with CO 3 Ap because it contains PO 4 3- . As the solubility of CO 3 Ap is less than calcite or vaterite, the solution would be supersaturated with respect to CO 3 Ap. Vaterite+DCPA and calcite+DCPA samples showed additional peaks which at around 873, 1420, 1470 cm -1 and 880, 1426, 1488 cm -1 , respectively. These peaks were due to the carbonate. This result indicates that carbonation of samples contained CO 3 2-ions in its apatitic structure. Peaks of carbonate observed from the vaterite+DCPA cement system were corresponds to B-type CO 3 Ap. This was confirmed by data from literature where CO 3 2-ions of B-type showed different peaks at 860-880 cm -1 associated with ν 2 vibrations of carbonate groups and 1400-1470 cm -1 associated with ν 3 vibrations of carbonate groups [6] . It seems that CO 3 2-ions substituted with PO 4 3-ions. Figure 4 shows the DTS value of set CO 3 Ap cement consisted of calcite (or vaterite) and DCPA mixed with 0.8 mol/L of Na 2 HPO 4 solution after treatment at 37°C and 100% relative humidity for a period of time. DTS value of the set CO 3 Ap cement was 4.5 ± 0.9 MPa for vaterite+DCPA cement, 3.9 ± 0.7 MPa for calcite(v)+DCPA, 5.2 ± 0.6 MPa for calcite(g)+DCPA and 5.0 ± 0.5 MPa for calcite(ug)+DCPA. From the DTS measurement, calcite(g)+DCPA and calcite(ug)+DCPA samples had higher DTS value compared from calcite(v)+DCPA sample (p<0.05). Figure 5 shows the SEM images of outer surface and inner fractured surface of set CO 3 Ap cement consisted of calcite (or vaterite) and DCPA mixed with 0.8 mol/L Na 2 HPO 4 solution. SEM observation indicated that the CO 3 Ap crystals were interlocked to each other to set and harden, regardless of the different starting materials. However, the outer surface of calcite(v)+DCPA showed more pores, which could be one of the reason for the inferior mechanical strength compared to the other samples. 
Results and Discussion

Summary
The CO 3 Ap cement from vaterite and DCPA with small particle size and metastable phase properties was more effective as starting materials due to its fast transformation to CO 3 Ap. Further research will be perform by conducting animal studies to achieve significant results in the future.
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